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ABSTRACT: 
A vision screening program for preschool children of 4-5 years old was designed and analyzed. 
Information of the prevalence of ocular conditions among preschool children was obtained. The 
vision health of a group of 127 children was evaluated by a comprehensive examination in their own 
school. If a child failed one or more screening tests, he was referred to the ophthalmologist. Of the 
children screened in this study, 61% passed distance visual acuity and retinoscopy tests, 17% were 
referred to the ophthalmologist and 22% will be annually monitoring. Values of 
monocular/binocular acuity worse than 0.5/0.6 are too poor for 4 years old children, whereas these 
limits increase up to 0.6/0.8 for 5 years old children. In conclusion, the prevalence of undetected 
vision problems in preschool children has been clearly demonstrated. Vision screening programs in 
schools are highly recommended. Nevertheless, coordination among professionals conducting 
screening, school personnel and parents are needed to reach high levels of success. The results of this 
study validate an easy and fast battery of tests. The vision screening has been highly reliable because 
reference normal values have been defined by analyzing statistically the results of these tests. 
Key words: Vision Screening, Pre-School Health, Optics Education. 
RESUMEN: 
Se diseñó y analizó un screening visual en preescolares de 4-5 años de edad. Se obtuvo información 
de la prevalencia de las condiciones oculares entre estos preescolares. Se evaluó la salud visual de un 
grupo de 127 niños con un examen completo en su propia escuela. Si el niño fallaba uno o más test 
era referido al oftalmólogo. De los niños revisados en el estudio, el 61% superó los test de agudeza 
visual y retinoscopía, al 17% se le refirió al oftalmólogo y el 22% será controlado anualmente. 
Valores de agudeza monocular/binocular peores de 0.5/0.6 son demasiado bajos para niños de 4 
años de edad, mientras que estos límites se incrementan a 0.6/0.8 para niños de 5 años. En 
conclusión, la prevalencia de problemas de visión sin detectar en niños preescolares ha sido 
claramente demostrada. Sin embargo, es necesaria la coordinación entre profesionales que realicen 
el screening, personal del colegio y padres para alcanzar niveles altos de éxito. Los resultados de este 
estudio validan una batería rápida de test. El screening visual ha sido altamente fiable porque los 
valores normales de referencia han sido definidos analizando estadísticamente los resultados de 
estos tests. 
Palabras clave: Screening Visual, Salud Preescolar, Educación en Óptica. 
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1. Introduction 
As it is well-known, undetected and uncorrected 
refractive error or vision problems are usual in 
preschool-age children, and they may adversely 
affect student performance and interfere with 
the learning process [1-5]. Early detection of 
these visual defects allows timely interventions 
in the form of spectacle correction or orthoptic 
cares. Thus, visual defects could be corrected as 
soon as possible and their negative 
consequences could be mitigated and even 
suppressed. In the case of preschool and school-
age children a vision screening adapted to these 
children is an essential preventive method [1,6]. 
First of all, a vision screening has to be highly 
reliable. That is to say, only those children who 
have visual problems will fail the screening and 
will be referred to the ophthalmologist [6-8]. 
Moreover, as children pay attention during a 
short time (twenty minutes), the vision 
screening should be fast enough to avoid fatigue 
them, but also quite complete, since it is 
necessary to check any visual defect. 
Nevertheless, there is always taken into account 
that the screening test itself does not diagnose. 
In order to design a screening with these 
features, appropriate protocols must be defined. 
Some studies have previously described 
screenings of children of different ethnicity, 
range of age or vision abnormalities with diverse 
statistical results [6,9-16]. Although the election 
of suitable tests is very important, a screening 
will have success if reference values in function 
of the children age are well defined. The key of 
an efficient screening is to balance the referral 
criteria so that both the over-referrals and 
under-referrals are minimized [6,15,17]. This 
point has created controversy among 
professionals, particularly in terms of the 
referral criteria used. In fact, although vision 
screening is a recommended component of 
routine preventive care for children, the rate and 
quality of screening in primary care settings is 
inconsistent. Referral rates to the 
ophthalmologist and vision problems 
documented are influenced by the conditions 
and strategies of the screenings [15,17,18]. 
Childhood visual defects have been widely 
studied. However, it is quite difficult to find 
reference values in the literature, since only 
some few papers include statistical studies 
[6,14,16,19]. Therefore, it results very useful to 
analyze the values obtained in any screening to 
check and improve the next screening. Of course, 
it would be necessary to carry out a higher 
number of studies in order to have current 
values in function of age, sex, ethnic group, 
geographical location and socio-economic class. 
Generally speaking, schools provide an 
excellent opportunity to reach a very high 
number of children of all ethnicities, lifestyles or 
customs and to establish normal visual values 
for all of them. Unfortunately, vision screening 
tests based only on distance visual acuity (VA) 
are still one of the most widely used in schools 
despite of the fact that less than half of the 
children with clinically significant visual 
disorders were identified by distance VA alone 
[20]. In fact, screening only for distance VA may 
miss those children with hyperopia, binocular 
disorders or other ocular health problems. 
Therefore, binocular function tests and 
retinoscopy should be incorporated in these 
screenings. 
Although ophthalmologists play the main 
role in the diagnosis and treatment of eye 
diseases and pathological disorders of vision, 
optometrists are those professionals that are 
trained and educated to perform a complete 
examination of the visual performance of an 
individual. In Spain, one lack of this health 
profession is that optometrists may not use 
diagnosis drugs to make those visual 
examinations requiring an accommodation 
paralysis. Nevertheless, optometrists are fully 
trained to perform any visual screening 
including, visual acuities, objective refraction, or 
binocular vision tests to conclude the type of 
ammetropy and binocular problem that may 
occur. 
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A screening with high reliability and validity 
can be difficult to control in a school due to the 
conditions of the setting. A vision screening 
program for public schools was developed and 
carried out by professors and students of the last 
year of the Optics and Optometry Degree in the 
University of Zaragoza. The specific objectives of 
the present study were (1) to design and 
evaluate a complete method of visual screening 
and (2) to analyze the results of this screening in 
scholar children. Such information may be 
important to formulate ocular health strategies 
and to establish the suitable age of the children 
to detect specific visual impairments. This kind 
of optometric initiative makes children, parents, 
teachers, and school personnel aware of the 
visual health. 
 
2. Methods 
2.1. Participants 
A total of 129 children (55 females and 74 
males), 4 years old (32 children; 15 females and 
17 males) or 5 years old (97 children; 40 females 
and 57 males) were recruited in two schools of 
Zaragoza (Spain) to participate during fall and 
winter of the 2012-2013 academic year in this 
study. Schools were contacted notifying the 
schools’ teachers about the study and face-to-
face meeting were conducted with the director 
and the research staff. A detailed description of 
the screening was sent to all parents or legal 
guardians of children. Of the 172 families who 
received the information, 75% accepted. Parents 
were informed about the screening results and a 
more exhaustive ophthalmological examination 
was advised if the child had failed the screening. 
The research adhered to the tenets of the 
Declaration of Helsinki and parents or legal 
guardians of children provided written informed 
consent. 
2.2. Instruments and procedure 
Each child was subject to a detailed optometric 
examination, which was formed by the following 
tests, in this order (3,6,9): distance VA (by using 
Snellen or Lea Symbol chart), near VA (by means 
of broken wheels chart), retinoscopy (without 
cyclopegic and by employing skiascope lenses), 
cover testing for near, near point of convergence 
 
(NPC), ocular motility, near Worth four dots, 
stereoscopic acuity (Titmus-Wirt) and color 
vision tests (Ishihara). 
Tests were conducted in rooms that provided 
a standard environment with minimal 
distractions and optimal physical conditions. 
Retinoscopy protocol necessitates a higher 
degree of training, skill and clinical knowledge. 
Optometry students were tutored by two 
professors (optometrist and physicist) while 
they were testing at least four children. 
If the child was wearing glasses all tests were 
performed with glasses on. The average time for 
each student to complete the screening was 
around 20 minutes, appropriate time for 4 to 5 
years old children. The decision to refer for 
follow-up care was based on failure of one or 
more tests of the screening battery. 
2.3. Data analysis 
Screening results were transferred and stored 
for data management and analysis to our own 
database. Statistical analysis was made with 
Microsoft Excel® (Microsoft Corporation) 
calculating mean values and percentage of 
children belonging to each category. Histograms 
were used as graphical representation of the 
distribution of the data. 
 
3. Results 
A total of 129 children were screening although 
only 127 of them completed the battery. 
3.1. Distance VA 
Children were tested for monocular and 
binocular distance VA with Snellen or Lea 
Symbol charts depending on their ability to 
respond. The chart was placed to a distance of 3 
m to hold the child’s attention during the test. 
Acuities were recorded in decimal values and 
classified in several categories (<0.5, 0.5, 0.6, 0.8, 
and ≥1) in order to analyze their statistical 
distribution in function of gender and age of the 
children. Results do not have any dependence on 
gender, however, the statistical distribution of 
the VA presents appreciable changes with the 
age of the children. Growth in ocular structures 
occurs before 6 years of age, looking for the 
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Fig. 1. Statistical distribution of monocular distance visual acuity. 
 
Fig. 2. Statistical distribution of binocular distance visual acuity. 
 
emmetropization, after which elongation slows 
with age. Younger children usually are more 
hyperopic than older children and low 
astigmatic refraction is hoped being found. 
Depending of the test used, the age of the 
evaluated children and of their cognitive 
development different best visual acuity is 
reached. The older the children are the higher 
levels of this parameter they achieve. Children 
aged 5 have monocular and binocular distance 
VA better than 4 years old children, as it can be 
seen in Figs. 1 and 2. 
In order to establish a failure criterion, 
accumulative percentages are computed and 
shown in Figs. 3 and 4. Values of 
monocular/binocular acuity worse than 0.5/0.6 
can be considered too poor for 4 years old 
children, whereas these limits can be increased 
up to 0.6/0.8 for 5 years old children [16,21]. 
3.2. Near VA 
The broken wheels chart was employed to check 
monocular and binocular near VA. This test was 
not useful to distinguish visual problems since it 
was passed (VA=1) by all of them, except one  
 
child (VA=0.4) that failed also other tests. 
Nevertheless, this result was expected because 
the children of theses ages usually have a high 
accommodation power. 
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Fig. 3. Accumulative distribution for monocular distance visual acuity. 
 
Fig. 4. Accumulative distribution for binocular distance visual acuity. 
 
3.3. Retinoscopy 
It was performed in free space by using 
skiascopy lenses (in 0.50 D steps) without 
cycloplegic and with the child’s fixation 
maintained at a distance target. An eye was 
considered emmetropic provided that a 
refraction value from -0.50 D to +0.50 D was 
found. However, the criterion to referral was 
hyperopia > +1.00 D or myopia <-0.50 D in any 
principal meridians. The refraction values were 
statistically analyzed in function of gender and 
age. As it was expected, appreciable changes 
were only found in function of the age of the 
children. The statistical distribution of myopic, 
emmetropic, and hyperopic eyes and children 
are shown in Figs. 5 and 6. These results show 
that, when the children grow up, the probability 
of being emmetropic increase. 
3.4. Cover testing for near 
An accommodative target was used and the child 
had to look at 0.60 VA letters. Any tropia, 
endophoria or hyperphoria was criterion to 
refer but only exophoria higher than 10 was 
referred. Only two tropias were found in our 
screening (1.6% of the preschoolers) and both 
were referred to the ophthalmologist. 
3.5. Stereoscopic acuity 
It was valued by means of the Titmus-Wirt test, 
which requires that the child is wearing 
polarized glasses. Usually, if stereoacuity is 40” 
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Fig. 5. Statistical distribution of monocular retinoscopy. 
 
Fig. 6. Statistical distribution of binocular retinoscopy. 
 
Fig. 7. Statistical distribution of stereoacuity for female children. 
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Fig. 8. Statistical distribution of stereoacuity for male children. 
 
or better, the test is passed. However, this value 
can not be taken as only criterion to refer, due to 
the children is still growing up. In fact, 
stereoacuity results demonstrate that there are 
clear differences depending on gender and on 
age as it was previously reported [22,23]. 
Statistical distributions of stereoacuity for 
female and male children are shown in Figs. 7 
and 8. To analyze the temporary evolution of 
stereoacuity, four main categories have been 
considered: 0-50”, 51”-80”, 81”-100” and 
>100’’.In fact, males are homogeneously 
distributed between the four categories 
(stereoacuity up to 100”) and there is only a 
slight improvement in 5 years old males. 
However, although females are also distributed 
between the four categories, a 43% of 4 years 
old females and a 60% of females aged 5 have a 
stereoacuity better than 50”. Additionally, all of 
the older females have a stereoacuity better than 
80”, except a tropia. Therefore, their stereopsis 
has clearly improved, but it is still in progress. 
Finally, taking into account these results, 
younger children and males aged 5 would pass 
the test with values better than 100” whereas 5 
years old females should obtain values better 
than 80”. The two children with tropia founded 
with cover-test had >100’’ stereopsis. 
3.6. Ocular motility 
Comitant, pursuit, and saccadic movements with 
non-accommodative stimulus were examined. 
Pursuit movements are conjugate eye 
movements which smoothly track slowly moving 
objects in the visual field and saccadic 
movements are very fast jumps from one eye 
position to another. Noncomitant eye 
movements or motility restriction were 
considered abnormal. Noncomitant ocular 
movement was found in one child (0.8%) and 
limitation in the pursuit and saccadic 
movements was observed in other one (0.8%). 
Both children were advised to ask for an 
ophthalmologist opinion. 
3.7. Near point of convergence 
This distance defines the amplitude of 
convergence or the closest point in space where 
the patient can hold fusion, and therefore, see 
one object. Because few recent studies provided 
data for preschoolers, normal values were 6/10 
cm for this point and for the recovery [24-26]. 
The principal concentration of our values is in 
the 0-5 cm range, 95% and 93% of the children 
had NPC break and recovery values <5 cm 
respectively. Based on these results, 5 cm NPC 
break/recovery could be a predictor of possible 
convergence dysfunctions for 4-5 years old 
children. 
3.8. Near Worth four dots 
It was performed to test the suppression of one 
eye or double vision. The patient is wearing 
anaglyphic glasses while is asked about the 
number and the color of the four dots at 40 cm. 
Four dots is the only correct answer and any 
0%
10%
20%
30%
40%
50%
60%
0 - 50 51-80 81-100 > 100
Stereoacuity  ( arc second )
P
e
rc
e
n
ta
g
e
 o
f 
C
h
il
d
re
n
male, 4 years old
male, 5 years old
ÓPTICA PURA Y APLICADA. www.sedoptica.es. 
 
Opt. Pura Apl. 47 (3) 197-208 (2014) - 206 - © Sociedad Española de Óptica 
other response was considered cause of referral. 
This test was passed by all of children. 
3.9. Color vision 
Ishihara color testing was performed. Failure 
was defined as defects consistent with the 
answer key provided by the test manufacturer. 
All of children passed this test. This fact is 
compatible with the results reported by other 
authors. In Bodack et al. [6], only 7 (0.4%) of 
1795 children failed this test. Assuming that the 
probability of failure of this test was 
approximately 0.4%, the probability that this 
test was passed by all children of the 127 
screened is a 60%. 
3.10. Vision screening and referral criteria 
To decide what children have to be referred to 
the ophthalmologist because they need a more 
comprehensive ophthalmic examination it is 
necessary to establish a suitable protocol. In our 
case, this protocol depends mainly on two tests: 
distance VA and retinoscopy. However, the two 
tests must be considered together, since neither 
a good VA guarantees emmetropia (for instance, 
hyperopic children exhibit high VA) nor a right 
retinoscopy ensures the lack of visual defects 
(for example, anisometropic children) [6]. 
Nevertheless, VA is considered the main 
criterion because skiascopy lenses are arranged 
in 0.50 D steps and, moreover, the child can 
change its fixation distance. Retinoscopy without 
using cyclopegic is quite difficult for children 
because of their high accommodation amplitude. 
Finally, VA values in the limit do not necessarily 
imply any visual defect, since the child’s eyes are 
still growing up. 
Therefore, it is advisable that a child is 
referred to the ophthalmologist in the following 
cases, since it seems clear that the child has 
some visual problem: 
1) Anisometropia or low VA, although the 
retinoscopy test could be right. Of course, 
children with quite high myopia have usually 
these defects. 
2) High hyperopia (>+1.0 D), although normal 
values of VA could be reached by the child.  
Moreover, it is advisable that a child is 
periodically monitored in the following other 
cases: 
3) VA in the limit of normal values provided that 
the child have not been referred due to high 
hyperopia or myopia. 
4) Slight myopia (>-0.5 D), as a preventive 
measure although the child has normal VA. 
A breakdown of cases by specific test item is 
compared with the number of children who 
received the test (Table I). Of the 127 children 
screened in this study, 78 (61%) passed, but 
only 21 (17%) were referred. Nevertheless, 28 
(22%) will be annually monitoring and they 
could be referred later. On the other hand, 4 
children more were referred: 2 of them failed 
the cover test and other 2 presented some 
problem of ocular motility. 
Of the 25 children who could be referred 6 of 
them were wearing spectacles at the time of the 
screening. If a child was wearing glasses at the 
time of the screening, all tests, excluding 
retinoscopy, were done over the glasses. 
Wearing glasses, no children failed the 
screening. To summarize, 19 children who had 
abnormal vision required corrective lenses or a 
wider ophthalmological exploration. This 
evaluation supports the importance of school 
optometric vision screening programs because 
15% of the screened children needed further 
revisions. 
 
4. Discussion 
Regarding educational rate of attainment, visual 
difficulties are a strong educational 
disadvantage. For instance, reading difficulties 
are commonly associated with disorders of 
visual function. In a group of children these 
visual difficulties may go unnoticed unless a 
comprehensive visual assessment is performed. 
Usually, low binocular VA can be unperceived if 
one of the eyes has normal or high monocular 
VA. 
Unfortunately, a comprehensive assessment 
uses to be very long and it addresses a full range 
of ocular factors so that highly trained personnel  
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Table I 
Results of the protocol applied to decide what children had to be referred to the ophthalmologist. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
are required [19]. To avoid these problems, we 
propose to find an easy and fast battery of tests 
but highly reliable by an optometrist. Although 
several authors [27-29] indicate the importance 
of high-quality school-based vision screening 
programs, results of the accuracy of referrals are 
diverse [17,18] and the reliability of the 
screening diminishes. In fact, in several 
countries screening tests can be administered by 
school nurses, orthoptists, optometrists and 
ophthalmologist varying widely in performance 
and in results [30-34]. 
Our study tries to obtain reference normal 
values and contributes to clarify the incidence 
and prevalence of various vision problems 
among youth. Although its validity can be limited 
since the population screened was only urban 
Caucasian children, the design of the optometric 
screening and findings from this evaluation may 
be generalized to other communities. 
The patient population in this study was 
made up of preschool (4 and 5 years old) 
Caucasian students in an urban area. A lower 
failure rate of the test might be expected because 
these children were screening by pediatricians 
at four years old and should have been treated 
for VA problems. However, screening based only 
on VA may miss those children with hyperopia, 
binocular disorders or other ocular health 
problems. As it is reported by other authors, the 
success of a vision screening is due, in part, to its 
design. Visual risk factors in preschool children 
should be considered [35] as well as the 
implication in visual impairment in these 
children [36]. Providers of vision screening 
programs should be cognizant of the accurate of 
each test used [37] and the associations between 
refractive errors and binocular disorders [38-
41]. In fact, our results suggest that retinoscopy 
(objective test) is necessary when the VA test 
(subjective test) is performed; the reason is that 
retinoscopy detects all types of ammetropy, even 
in the presence of passing distance acuity tests. 
In our screening, 21 children were referred, but 
only 10 children would have been referred if 
Distance VA Retinoscopy Action 4 years old 5 years old Total 
OK OK PASS 14 44% 49 52% 63 50% 
OK HYPERMETROPIA < +1 D PASS 3 9% 12 13% 15 12% 
OK HYPERMETROPIA  > +1 D REFER   7 7% 7 6% 
OK MYOPIA MONITOR   1 1% 1 1% 
LIMIT OK MONITOR 10 31% 10 11% 20 16% 
LIMIT HYPERMETROPIA < +1 D MONITOR 2 6% 4 4% 6 5% 
LIMIT HYPERMETROPIA  > +1 D REFER 3 9% 1 1% 4 3% 
LIMIT MYOPIA MONITOR   1 1% 1 1% 
LOW  REFER   2 2% 2 2% 
ANISOMETROPIA 
 
 REFER   8 8% 8 6% 
  PASS 17 53% 61 64% 78 61% 
  MONITOR 12 38% 16 17% 28 22% 
  REFER 3 9% 18 19% 21 17% 
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retinoscopy results had not been taken into 
account. 
Obviously, undetected binocular disorders 
should be also identified during the screening. It 
is important to determine what tests are more 
suitable. Thus, all the children should do some 
stereopsis test (Titmus-Wirt, for example), but 
their results must be valued depending on their 
age, since in this study a clear relationship 
between cutoff values of stereopsis and the age 
of the child has been found. On the other hand, 
perhaps the least effective exam of the proposed 
screening was the near Worth four dots test. In 
our study, the two children with detected tropia 
by cover-test had fusion with Worth. Stereopsis 
test evaluates the third level of the binocular 
vision, since to have good stereopsis 
simultaneous perception and fusion of the 
stimuli are needed. Worth will be a useful exam 
when stereopsis is limited and this test should 
be only performed by these children. 
Our proposal to design a vision screening is 
to perform, at least, all the examinations that we 
have been presented but the collaboration of the 
children could determine the duration of the 
explorations or the sessions needed to finish the 
evaluation. 
A limitation of this study was that the data is 
representative of only one year period. 
Prevalence of refractive errors or ocular 
abnormalities can vary over time and a 
longitudinal approach may provide a better 
perspective. Currently, the inability to follow-up 
the referral after screening and the impossibility 
to know how many healthy children (false-
positive rate) were referred must be considered. 
Unfortunately, we were unable to assess the 
false-negative rate either. This point could be 
resolved if this program is annually repeated 
and the children who don’t pass the screening 
one time could be followed-up in their own 
school. Additionally, the sample did not include 
any information on anamnesis or environmental 
factors that may influence on child ocular health. 
Subsequent analyses, based on wider population 
as well as results over the time will address 
these issues.  
In conclusion, the prevalence of undetected 
vision problems in preschool children has been 
clearly demonstrated. Vision screening 
programs in schools are highly recommended. 
Nevertheless, coordination among professionals 
conducting screening, school personnel and 
parents are needed to reach high levels of 
success. The results of this study validate an easy 
and fast battery of tests. The vision screening 
has been highly reliable because reference 
normal values have been defined by analyzing 
statistically the results of these tests. 
Vision screening is considered to be an 
important part of a strategy to improve both VA 
and visual efficiency because inefficiencies in the 
visual system affect academic achievement. 
Accommodative and binocular dysfunctions can 
have a negative impact on learning, particularly 
as visual demand increases in higher grades 
when print is smaller and reading requirements 
are greater. There is a need to inform school 
personnel and parents about basic visual health 
and how detect small indications of ocular 
disorders. The results of this work provide 
information on the prevalence of ocular 
conditions among preschool children, which can 
be useful for the schools interested in improving 
visual health. Any school attempting to initiate 
visual prevention programs can incorporate 
strategies based on these results. 
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